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In these operators, the guide tube, which 
is formed of non-magnetic" material, 'is pro- 

15 vide d at one end with a plug nux of magnetic 
material. A solenoid coil surrounds the tube, 
and a yoke of magnetic material around xhe 
coil comprises, together with the plug nut and 
movable armature, a magnetic circuit. When 

20 the coil is de-energized, the movable armature 
is spaced from the plug nut. However, upon 
energization of the coil by an electric cur- 
rent, the magnetic flux engendered in the mag- 
netic circuit causes the armature to slide axialty 

25 m the tube until it reaches the plug nut. The 
armature movement is extremely rapid and the 
armature strikes the plug nut with consider- 
able force. Upon deenergizaticn of the coil, the 
armature slides away from the plus nut, in 

30 many cases under the influence of a spring. 
^ Operators of this type have many uses, one 
of which is the actuation of valves for control- 
ling the flow of fluids. The operator may be 
m mounted on a valve body, and the armature 

3d arranged to control the flow of fluid through a 
port formed in the body. The operator is usually 
arranged on the high pressure side of the pon, 
and the fluid being controlled fills the guide 
tube and surrounds the armature. If the^nuid 

40 is a liquid, it serves a lubricating function 
between the moving armature and che station- 
ary tube and plug nut thereby minimizing 
wear between these relatively moving parts. 
However, if the fluid beins controlled by 

4o the valve is a gas, such as air, very little lubri- 
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of the armature and tube. As a result, the end 
face of the armature and the plug nut face do 
not meet at the same instant over their entire 60 
surface areas. Instead, an edge of the armature 
strikes the plug nut face, and this line contact 
mutilates the face. Destruction of the smootii- 
ness of the meeting faces "of the plug nut and 
armature is accompanied by deformation of 65 
the tube inner surface which is accelerated by 
metal particles abraded from the rubbing sur- 
faces. As wear progresses, deformation of all 
meeting surfaces continues increasing the 
clearance between the armature and tube. This 70 
leads to even faster deterioration of the sur- 
faces, often resulting in jamming of the arma- 
ture within the tube and thus failure of the 
valve, which may be controlled by the opera- 
tor, to close. Such a failure is particularly 75 
serious when the gas being controlled is a 
hazardous one, such as a gaseous fuel. 

In the past, attempts have been made to 
combat the problem outlined above. For ex- 
ample it has been suggested that the relatively 80 
moving surfaces, or some of them, be plated 
with certain metals, or coated with dry lubri- 
cants. It has also been suggested that the tube 
be lined with a non-metallic material. How- 
ever, these expedients have either failed in 85 
practice or have proven to be too expensive for 
use on a commercial scale. 

It is therefore an object of the present in- 
vention to provide a solenoid operator of the 
type described wherein the armature remains 90 
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(71) We, Automatic Switch Co., a 
corporation organized under the laws of the 
State of New York, United States of America, 
of Florham Park, New Jersey, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to solenoid operators 
of the type in which a movable armature slides 
within a cylindrical guide tube. 

In these operators, the guide tube, which 
is formed of non-magnetic material, is pro- 
vided at one end with a plug nut of numeric 
material. A solenoid coil surrounds rJuTtube, 
and a yoke of magnetic material around the 
coil comprises, together with the plug nut and 
movable armature, a magnetic circuit. When 
the coil is de-energized. die movable armature 
is spaced from the plug nut. However, upon 
energization of the coil by an electric cur- 
rent, the magnetic flux engendered in the mag- 
netic circuit causes the armature to slide axialty 
in the tube until it reaches the plu^ nut. The 
armature movement is extremelv rapid and me 
armature strikes the plug nut "with consider- 
able force. Upon deenergization of the coil, the 
armature slides away from the plug nut, in 
many cases under the influence of a spring. 

Operators of this type have many uses, one 
of which is the actuation of valves for control- 
ling the flow of fluids. The operator mav be 
mounted on a valve body, and the armature 
arranged to control the flow of fluid through a 
port formed in the body. The operator is usually 
arranged on the high pressure side of the port, 
and the fluid being controlled rills the guide 
tube and surrounds the armature. If the fluid 
is a liquid, it serves a lubricating function 
between the moving armature and the station- 
ary tube and plug nut, thereby minimizing 
wear between these relatively moving pans. 

However if the fluid being controlled by 
the valve is a gas, such as air. very little lubri- 



cating effect is present. Under these circum- 
stances, rubbing of the moving armature 
against the inner surface of the tube, and the 
impact of the armature end face against the 
plug nut, causes rapid wear of the parts and 50 
consequent noisy operation, and eventually 
failure of the solenoid operator. Wearing of 
the parts is characterized by peening of the 
plug nut face by the armature end. This 
occurs because the armature tilts within the 55 
tube, the tilting being permitted by the neces- 
sary clearance between the opposed surfaces 
of the armature and tube. As a result, the end 
face of the armature and the plug nut face do 
not meet at the same instant over their entire 60 
surface areas. Instead, an edge of the armature 
strikes the plug nut face, and this line contact 
mutilates the face. Destruction of the smooth- 
ness of the meeting faces of the plug nut and 
armature is accompanied by deformation of 65 
the tube inner surface which is accelerated by 
metal particles abraded from the rubbing sur- 
faces. As wear progresses, deformation of all 
meeting surfaces continues increasing the 
clearance between the armature and tube. This 70 
leads to even faster deterioration of the sur- 
faces, often resulting in jamming of the arma- 
ture within the tube and thus failure of the 
valve, which may be controlled by the opera- 
tor, to close. Such a failure is particularly 75 
serious when the gas being controlled is a 
hazardous one, such as a gaseous fuel. 

In the past, attempts have been made to 
combat the problem outlined above. For ex- 
ample it has been suggested that the relatively 80 
moving surfaces, or some cf them, be plated 
with certain metals, or coated with dry lubri- 
cants. It has also been suggested that the tube 
be lined with a non-metallic material. How- 
ever, these expedients have either failed in 85 
practice or have proven to be too expensive for 
use on a commercial scale. 

It is therefore an object of the present in- 
vention to provide a solenoid operator of the 
type described wherein the armature remains 90 
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aligned with the guide cube during its move- 
ment, so as to avoid peening of the plug nut 
face, and wherein metal-to-metal contact be- 
tween the armature and the rube is eliminated, 
5 whereby mutilation of the tube inner surface is 
prevented. 

To accomplish this and other objectives 
there is provided in accordance with the pre- 
sent invention a solenoid operator comprising 

10 a cylindrical rube around which a solenoid coil 
is arranged, a generally cylindrical armature 
within said tube and axially slidable therein, 
and at least one discontinuous ring of low- 
friction material having its ends spaced 

15 apart arranged around the exterior of said 
armature whereby said ring may expand 
along its length without significantly in- 
creasing its external diameter, said ring 
projecting radially beyond the external 

20 surface of said armature but the external 
diameter of said ring being smaller than the 
internal diameter of said tube, whereby said 
ring mav engage the inner surface of said tube 
to guide the movement of said armature along 

25 said cube but said ring prevents contact be- 
tween the side wails of said armature and 
tube. An optional longirudin al slot in the 
armature provides a channel through wh ich 
flal cTbervv-een the armature and plug nutma y 

30 L cscape as t he armature moves toward tfte plu g 
nut. trruy avoiJuig a dashpot ettect, particu- 
"larly when the operator is being used with a 
valve handling liquids. 

Additional features and advantages of the 

35 invention will be apparent from the following 
description, in which reference is made to the 
accompanying drawings. 
In the drawings: 

Fig. 1 is a longitudinal cross-sectional view 
40 of a solenoid operator according to this inven- 
tion shown as part of a solenoid operated 
valve; 

Fig. 2 is a view, on an enlarged scale, of a 
portion of Fig. 1; 
45 Fig. 3 is a transverse cross-sectional view 
taken along line 3—3 of Fig. 2; and 

Fig. 4 is a perspective view of a ring useful 
for carrying out the invention. 

The present invention is illustrated in terms 
50 of a solenoid operator used to actuate a valve. 
However, it is to be understood that the inven- 
tion is not limited to this particular environ- 
ment. 

The illustrative valve comprises a valve 
55 body 10 having an inlet opening 11, an outlet 
opening 12, and a valve seat 13 surrounding a 
port between the inlet and outlet openings. A 
nut 14 secured to the valve body 10 supports 
the lower end of a cylindrical guide tube 15, 
60 forming part of the solenoid operator for the 
valve, the guide tube being formed of a non- 
magnetic material. The operator also includes 
a solenoid coil 16 surrounding the rube 15, and 
a generally U-shaped yoke 17 of magnetic 
65 material sandwiching the coil 16 between its 



horizontal arms, these aims also having verti- 
cally aligned holes through which the tube 15 
passes. A plug nut, 20 of magnetic material 
fills the upper end of the tube 15, and a hous- 
ing 21 shrouds the operator, the housing 70 
having an opening 22 through which con- 
ductors may pass to connect the coil 16 to a 
source of power. The plug nut extends up- , 
wardly through the housing, and its threaded 
upper end accommodates a nut 23 for securing 75 
the housing to the valve body. Insulators 24 
separate the yoke 17 from the housing. 

Arranged to slide axially within the tube 15 
is a generally cylindrical movable armature 25 
of magnetic material. In the present example, 80 
the armature is hollowed at its lower end to 
accept a valve member 26 (Fig. 2) of resilient 
material. The valve member 26 is adapted to 
cooperate with the valve seat 13. Thus, when 
the coil 16 is deenergized, as shown in Fig. 85 
1, a compression spring 27 urges the armature 
downwardly and presses the valve member 26 
against the valve seat 13 to close the valve 
and prevent flow from inlet 11 to outlet 12, 
In this condition, the upper end face of the 90 
armature 25 is spaced from the opposite end 
face of the plug nut 20. 

When the coil 16 is energized, magnetic 
flux is engendered in the magnetic circuit 
comprising the plug nut 20, the yoke 17, and 95 
the armature 25, whereupon the armature 
moves upward rapidly, against the force of 
the spring 27, and the upper end face of the 
armature 25 slams against the plug nut .20. 
The armature remains in this condition (Fig. 100 
2), in which the valve is open, as long as the 
coil 16 remains energized. As may be seen in 
Fig. 1, when the valve is closed (coil 16 de- 
energized) the fluid being controlled by the 
valve, and present at inlet opening 11, fills the 105 
entire cavity, defined by the body 10, the nut 
14, and tube 15, within which the armature 2? 
is accommodated. As mentioned above, if this 
fluid is a liquid, it serves as a lubricant and 
minimizes the wear between the armature 25, 110 
on the one hand, and the tube 15 and plug 
nut 20, on the other. However, if the fluid is 
a gas, no such lubricating effect is present. 

Consequent^, the armature 25 in the 
present example is formed with two annular 115 
grooves or recesses 30, the recesses . being 
in planes perpendicular to the axis of the 
armature. Within each recess is a ring 31 of 
low friction material, such as polytetrafluoro- 
etbylcne. The rings project radially out- 120 
wardly beyond the external surface of the 
armature 25, and the depth of the recesses 
30 and thickness of the rings 31 are so related 
that only a few thousandths of an inch clear- 
ance is present between the outer faces of the 125 
rings and the inner surface of the tube 15. 
Consequent^, the rings 31 prevent contact 
between the armature 25 and the tube 15, 
and prevent the armature from tilting to any 
significant extent so that the upper end face 130 
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of the armature and the opposed face of the 
plug nut 20 meet across their entire areas 
simultaneously. Thus, peening of the plug 
nut face is avoided, and the tube is not sub- 
5 jeered to deformation. 

Each ring 31 is made discontinuous, i.e., is 
split, so that it may be applied to the arma- 
ture 25. Also, a gap exists between the ends 

32 of the each ring to permit the rings to 
10 expand without significantly reducing the 

clearance between the rings 31 and the tube 
15. Consequently, expansion of the rings will 
not cause the armature to jam in the tube. 
In addition, the gaps between the ring end's 

15 permit a limited degree of venting of the 
gas caught between the upper end of the 
armature 25 and the plug nut 20 upon move- 
ment of the former toward the latter. Since 
all the gas cannot escape instantaneously, that 

20 portion which remains serves to cushion the 
armature as it moves toward the plug nut. 
Under certain conditions, particularly when 
the operator is being used with a valve for 
controlling liquids, it is advantageous to pro- 

25 vide the armature 25 with a longitudinal slot 

33 extending from the upper end face of the 
armature to a point on the armature below 
the tube 15. This slot 33 serves as an escape 
route for hquid located between the armature 

30 25 and' plug nut 20 when the armature moves 
toward the plug nut upon energization of 
the coil 16. Thus, an undesirable dashpot 
effect which would otherwise be produced 
by the liquid trapped between the armature 

3d and plug nut is avoided. The slot 33 also 
reduces eddy currents in the armature, and 
thereby prevents its overheating. 

The locations of the recesses 30 and rings 
31 along the length of the armature 25 are 

40 carefully chosen so that a ring 31 never enters 
the plane in which the lower horizontal arm 
of the yoke 17 meets the tube 15. In this 
way, the rings do not interfere with the 
magnetic circuit, and specifically do not dis- 

45 turb the magnetic flux extending through the 
tube 15 between the yoke 17 and armature 
25. 

It has been found that an operator hav- 
ing an armature provided with guide rings as 

50 described above has a useful life at least 
ten times that of an otherwise identical 
operator without guide rings. 

The invention has been shown and des- 
cribed in preferred form only, and by way 

55 of example, and many variations mav be 
made m the invention which will still be 
included within the scope of the appended 
claims. It is understood, therefore, that the 
invention is not limited to any specific form 

60 or embodiment except insofar as such limita- 
tions are included in the appended claims. 



WHAT WE CLAIM IS: — 

1. A solenoid operator comprising a cylin- 
drical guide tube around which a solenoid 
coil is arranged, a generally cylindrical arma- 65 
ture within said tube and axiallv sidable 
therein, and at least one discontinuous ring 

of low-friction material having its ends spaced 
apart arranged around the exterior of said 
armature whereby said ring may expand 70 
along its length without significantly increas- 
ing its external diameter, said ring project- 
ing radially beyond the external surface of 
said armature but the external diameter of 
said ring being smaller than the internal dia- 75 
meter of said tube, whereby said ring may 
engage the inner surface of said tube to guide 
the movement of said armature along said 
tube but said ring prevents contact between 
the side walls of said armature and tube. 80 

2. A solenoid operator as defined in Claim 

1 wherein said ring is arranged in a plane 
perpendicular to the longitudinal axis of said 
armature. 

3. A solenoid operator as defined in Claim 85 

2 including at least two of said rings spaced 
apart along the length of said armature. 

4. A solenoid operator as defined in Claim 
1 wherein said armature is provided with a 
recess in its external surface for accommodat- 90 
ing said ring. 

5. A solenoid operator as defined in Claim 
4 wherein said recess is annular. 

6. A solenoid operator as defined in Claim 

1 wherein said operator is mounted on a valve 95 
body having a valve seat, and said armature 
carries a valve element at one end adapted 
to cooperate with the valve seat. 

7. A solenoid operator as defined in Claim 

6 wherein a portion of said armature carry- 100 
ing said valve member extends beyond said 
tube, and including a longitudinal slot in said 
armature extending from the end of said 
armature within said tube to a point on the 
armature beyond said tube. 105 

S. A solenoid operator as defined in Claim 
1 including a plug nut within said tube, 
and means adjacent to the exterior of said 
tube which together with said armature com- 
prise a magnetic circuit, said means meet- 110 
ing said tube in a plane spaced axially from 
said stationary armature, and said ring being 
so located that it is out of said plane in all 
positions of said armature. 

°. A solenoid operator substantially as H5 
hereinbefore described with reference to and 
as illustrated in the accompanying drawings. 

For the Applicants: 
WILSON, GUNN & ELLIS, 

Chartered Patent Agents, 
57 Market Street, Manchester, 1. 
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